Field studies of two species of baboons suggest that Altmann's model of maternal time budgets (1980, Baboon Mothers and Infants, Cambridge, Massachusetts: Harvard University Press) provides a good qualitative but a poor quantitative fit to observed changes in the time that mothers spend feeding across infant age. We suggest that the poor quantitative fit might be explained by the fact that food quality varies across time, so that females are forced to feed for longer to gain the same nutrient intake when quality is poor. The hypothesis was tested with data from both gelada baboons, Theropithecus gelada, and Altmann's own baboons, Papio cynocephalus, with rainfall and ambient temperature as indices of vegetation nutritional quality. The results confirm that a three-factor model incorporating infant age, rainfall in the 2 preceding months and current ambient temperature provides a significantly improved fit to the observed data.
Forage quality and the costs of lactation for female gelada baboons
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School of Biological Sciences, University of Liverpool (Received 13 December 2001; initial acceptance 1 February 2002; final acceptance 15 April 2002; MS. number: 7169) Field studies of two species of baboons suggest that Altmann's model of maternal time budgets (1980, Baboon Mothers and Infants, Cambridge, Massachusetts: Harvard University Press) provides a good qualitative but a poor quantitative fit to observed changes in the time that mothers spend feeding across infant age. We suggest that the poor quantitative fit might be explained by the fact that food quality varies across time, so that females are forced to feed for longer to gain the same nutrient intake when quality is poor. The hypothesis was tested with data from both gelada baboons, Theropithecus gelada, and Altmann's own baboons, Papio cynocephalus, with rainfall and ambient temperature as indices of vegetation nutritional quality. The results confirm that a three-factor model incorporating infant age, rainfall in the 2 preceding months and current ambient temperature provides a significantly improved fit to the observed data. In energetic terms, lactation is a highly costly activity for female mammals. Furthermore, the cost of lactation can be expected to increase as the infant grows, and its gross energy requirements increase (Altmann 1980; Martin 1984) . To meet this increasing demand, the mother must supplement her own nutritional intake. In some circumstances, a lactating mammal must increase her nutritional intake up to two-fold just to maintain her normal body weight (Randolph et al. 1977) . Several studies support this hypothesis and show that lactating females spend more time feeding than nonlactating females (Altmann 1980; Dunbar & Dunbar 1988; Koenig et al. 1997) . Altmann (1980) proposed an elegantly simple model that related maternal time budgets (specifically feeding time) to infant nutritional demand (indexed by its age). The model has the form:
where F t is the percentage of time the mother spends feeding at time t, m is the mother's immediately postpartum body mass (in kg), i 0 is the infant's body mass at birth (in kg), t is the infant's age (in days), i is the infant's growth rate (in kg per day), A is a conversion factor that relates a unit energy intake to units of feeding time and E is the conversion efficiency of lactation (i.e. the proportion of energy taken in for lactation that is actually produced as milk), with all body mass values being raised to the 0.75 power to express body mass as metabolic body mass (following Kleiber's Law). Altmann's (1980) model suggests that female primates should devote increasing time to feeding to offset the increasing demands of lactation by their maturing infants. Data for female baboons, Papio cynocephalus, in Amboseli provided support for the model, although the fit between observed and predicted feeding time was less than perfect. Dunbar & Dunbar (1988) tested the model with data from wild gelada baboons, Theropithecus gelada. As with the Amboseli baboons, they found that, although maternal feeding time did increase with infant age as predicted, the data points often deviated significantly from the predicted regression line, especially during the early months of the infant's life. However, in neither case was an explanation offered for this lack of quantitative fit between observed and predicted feeding time. We suggest that one likely explanation is the availability and/or nutritional quality of food during certain months of the year.
If the nutritional quality of forage varies across the year, then we might expect that all animals, including lactating females, will have to adjust their feeding time upwards in those months when food quality is low to compensate for a reduced nutrient intake. Gelada baboons provide an ideal opportunity to test this hypothesis, because their diet consists almost entirely of
